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To characterize the enxergencv program seit up bv 
pa«< rt sxtiv ce-Hs in rt stpoiisc {«> pasK r«>aJitis, wo e-Mab 
bshod Jhe phenotype otthe p<inrfeatitis-afiected pan 
creas by characterizing a large wumfoer of its tran- 
soripts. In this report, we describe the cloning, 
sequencmg, and expression patteni of a new geae, 
named VMPl (vacuole menxbratie prorehx i). Tint 
VMPl mRNA codes for a putative protein of 406 amino 
acids. 1« situ hyi>ridization studies revealed tiiat pan- 
creatic expre<>sion of VMPl niRNA^ was re&tricted u> 
the a<.innr cells interestingly. VMPi mRNA was aiM> 
<)v«>toxptt Sk's.s'd iri kidri<-y afiet ttarisi(»nt isrhc«*5t ut 
jut-y. However, nian\ healthy tis&we.s express VMF i 
mRNA. Structure analy&Ls su^ested that \'MP1 is a 
transmembrane protein with six hydrophobic regiojis. 
VMPlJGl P fusion protein was. located to the Goigi 
appasaiu^. and the endoplasmic reticukini area Ex- 
pr*-«.>io!i ihss proteiti promoted tiie formation of 
iijtt Acytfip{>.t">ajasic vacuoles and VIMPl/EGFP was lo- 
cated to the membranes of these vacuoles. Cells over- 
expressing thi& protehi died after 48 ii. In conclusion, 
vtc have identified a new stress-induced gene which 
codes for a transxnenxhraixe protein that, when over- 
expressed, promotes formation of intraceiiular vacu- 
oles icfliow eel by eel! cleat h, * 'oo/ 1 1 <. s k t s. ><wo 



Acute pancn vil i <^ s-iu'^ri.^! frejt!\*i c^i^- as «i rj^ 

ptiliCIOOS, The S| <.ffUUU' a< I p hi f WKiStOElI.UUN 

from tnilcf ed* ai un-'\>'-<\ k n< < Hi/f^Qf't l !n<- > 
itjosf -Wie, irpoflif,^' > k>! i'n paiiK-gnn y{ 



the dts-\ist IS th.ti cntf<Khi>estii>n of ihc glanti otcutb 
uh- ss incJ "iKt c eii'srits t jxi t]\ aotf\.i*cd \\f*}iHi 

Uk I n r !s ■ ithpf ih u. fnio .lu une-Un d hou n C 
3} IsM!* < ^' HBSM.N issp<tn<! ft {h< I Ihiln l\ I i<> 
stKs, >j p<.itiKi>i;{i <i} igijj ssj >{i b\ ,iiunn4fit in i 
luai iMiff 0* /KUMi s^^.}K^ s 1< H, K.< ' iuas^' .s 
iluuacvO;. vid h a diamatK iuciu ten sliei-- yso 
t^ins \''nh <oiho'\.n<.'-i .n^i.ilKion fi-so not i < } -ijt i\ 
of c^UuitK p^^oioms Sutdi' ajMnj <ind U! •sju's 
pciio5."!nvi tii^ <.a!{' pi)>.>-^ otpvUif. .11 us d< n 

on^rt( d .!k ointein .itid so( oiPUf-i .vuKtOtitJO 
<n/\ims Ahich oi< pofv.n.i(.ul\ honu''iii \s s>t>no* 
1i.^ <du<< i <is j>a{ ot ,1 <hfens< tn-dnnssr. Co- 

vuntio phasf o} .Ik disease (0. iO) iiicido..-^ like oJifi 
otgijm lik pancrea.s exposed to acuu st^esb sttrss 
Co tnggej A stnngenl eniergeiK> program a.a* holps 
the giand fight the agression oiid, ronscquciUH 
protects the organjsm from the d^U tt'uous eff<='rts of 
pancreat3ti.<». 

The mm of our re.search ts io <.h.uaf.tf a*^ 
molecular level the pancreatic (?nif geiux p >mt.un >>et 
tip in respome to pancreatitis We df-\ eloped a .suate^''^ 
m which the phenotype of the pancreas wtth acute 
paiKteat3t}«; was fstabhsh'='d hs t h<-^' -Kfon^'^it'on ot a 
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Cloning We Rat VMPl luRNA 

A cDNA iibran' of 4.1 X lO"" clones was constrticted 
from the poiyaderiviat.ed RNA fraction purified from a 
i f-U. paricrs^as with 

library, 1536 randoniiv s^^i-cted clo: 
sequenced and f.hs; u sc qt 

with the GenBank datai>ase. Axuorn 
amid not be related to aiw seqisenc 
Expression of these inRNAs dxiring 
was systematically a.na!yxed !>y N< 



'-ruitLs, I"' roii! { his <DNA 
ms were partially 
es were txtnipared 
rhfi-se clones, 256 
i in the daia.base, 
:iciaei parjcreatitis 
berE! blot. Expres- 
.n intes estiiig pat- 
r fipi di V fic tiv a ted 



:}f clone iOF 
tern. This mRNA is strongly ajxi 
after the induction of experimental acute pancreatitis. 
Sequ.enclng of the cD?siA insert of clone 10F5 was coin- 
plered. The insert was 1858 bp long, A single open 
readiiig hajne was found in tlie cas responding x-siRNA 
sequence (Pig. l.A) llirce methionines iu positions 79, 
121. and 310 were potantiai initiation sites for trans- 
lation. In vertebrates, however, pmtein synthesis typ- 
ically starts from the upstream methionine (15), 
hien<-.e. sy.ntijesis of VMPl very probably starts ai nu- 
cleotide 79. "I'hi? 3' regio,n consisted of a J AA stop codon 



at position 1297 fallowed by 562 nucleotides of im- 
trai^siated message [e.vd tiding the polytA) stretch]. No 
polyadenyiatlon reeo^^nition site (.^.^TAAA) was found. 
The VMPl mRNA < o<,le,s foi a ps oteir^ ot 406 anUno 
adds, with a theoreiital pj oi o.28. l iu? predicted mo- 
iecstiar weight is 45.901 Da. 

S0Sl.?Isi!:',na1 (!Utp:.7sosui.proteo!rifc.bio,taat.ac.jp.''' 
,sosuis!gna).''sosuisignal„snbniit .titrni) analysis of the 
deduced VMFI primary structure revealed that it has 
no signal peptide, i-^owever, presencft of f> traosmetn- 
br;«ie helices (Fig, IB) are typical of a transmembrane 
proteirt. Tlie atToiru) acid sequc rsiie was compared to tiie 
GenBan.k datalsase a.tid was aligned \viti \ other trans- 
luecnbrane proteins from Drosoo/iU^i (.Accession Nos. 
AAF46618, AAF50018. and AAF46619). Caeriorhabdi- 
el (Accession r\o f^GG-l^;) and Arabidopsis 
thaJJana (Accession No. AAB71442) (Fig, 2). 

VMPJ ivRiSfA Expression during the Course 
of Acute Pancn--,di:ls 

Pancreatic RNA was obtained from rats at different 
tinies after indiiction by ceruieiii of experimental acute 
pancreatitis, .As showrt in Fig. 3. Northern blot analysis 
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nC. 5. I'hsue «xpr<jssi»n oi VMPi niRNA^ RNA s,a«!p{«s sub- 
ii^i.sei! !.o atScUySvis \V(m*> prtrpan^d frotv; tie; foilovvitig rissnfjs- )-t?£iua. 
j)lace.fit;a, ovary, pamtki. testis, brain, tiivrsius, stomach, kidiisjv. 
•i.w5g. spieen, livm, partcntm and iritesd i oi o^n h lissin , . 0 o! 
tijtai RNA W3S bl(Jtt:<!(i ati^v dectnjphotesis <Hj ag«in>se-.ior!n«i!- 
dohytis gds. The fifter was j)n>be;rt with ■'■V' labplt-ri VMIM cPNi X 
{top!. As cotJtrijl, i;he same iilmv was w.\slH-<i < v<i Inhniii/KS \%t i) 
■n> iabdp^t 2SS rifmonia! (bottoits). 



it>^ ilK \ MP! cDNA prolx^ rev--ale<-J a very lovvkiv.-} of 
txpt.ssjoa at time 0. Sigtiiftiiattf. indt union was ob- 
s^p.f^ i vtUar 30 nVm. It was tuaxirna! after 1 h and 
1 tii in< li tfvated during ihe whole sUsdy {18 lil It is- 
iiof, unithx- tliiU nu-< tMP/ gecie generates two niiyor 
fui-Mi!j>{>^ aiid 2. 7 kb), both bs^tng strongly in- 
duced HI Uiti intliuiiod pancreas. 

I Ml'l -hlxt^'A EjipreiS'on .in the Developing 
Rat PancreBS 

M shttwn ij} Fig. 4, high VMFl mRNA levels were 
obsr'!-\s>d tn the fetal pancreas on day 19 and remained 
f'levated in the newborn until day i i , Then, it suddenly 
!.tf->oreased and remaitied low until day 23, after which 
ft was no longer detectable. 



Toxal RNA tixtracted fjwi j t< ->unc Iimi ->}>U<n 
htng, kidney, stonisch, ^i\a-sus bi<\n\ testis thxtuul 
ov.ary. piaceRra, and ret^n > uht ,t!Kd tioni (on'-io^ i.'t^ 
(Fig, 5) or alter 24 or 48 h A p<itK! atj*5s "•.et^ ptob^ d 
with the •■T-iabele<i VMIM cDW Both WIP. tt.- - 
scripts {1.9 and 2.7 kb) were hi^il\ expressed w v,'Vi 
troi intestii^e, kidney, ovarv and piactnta modeiat.H 
expressed in liver, lung, stonuuh, thyjuus. btani and 
testis ajid. slightly expressed in fontnd thxroi.i and 
retina. A third band of abotit 3 b kh ohst t\( i m 
intestine, iiver, lung, kidney, stomach th\ nti^ i.a u\ 
£ind placenta. Expression m othci Itssufs thMi p< 
creas was not affected in atuinais wiih ac tu ^t-uKSf 
atltls (data not shown). 
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indciced bs isclit'inii" lii^u-iVnit^nt. VMP; raR-NiA expres 
Sinn was !o\v xu \h<i- right ic'.Mif.rol) k,idii;;-\-. !.>!(t stn.-iig .in 
fhe iefi", {ischenijc] kidnt^y, in whiori l.tofP: t.);i!i;sc)1pLs 
[\ .9 and 2,7 kb) were overexpressed. Piiiicreas of the 
smm- aniinais sliow^id no VMPl mRNA irxiurtior). 



Co;^7 ci>il> ix\bA\mg exp!e^si<>n of V5- fagged VMPl 
pi-o;eiii were usee! for subceliular fractionation and 
Western i>iot experiments. Rignre 8 siiows resiiifs of 
WosttTti blot arjaiysis of VS -taggt^'l VN4F.L Protein was 
tiett-cfced in membrane preparations, the sigrjal persist- 
ing after NaCJ-treatoient or exposure to pH I l.Q. 



uu 'M . ,N< ,>(-.'Fi<h' ft.< ,(,1 hx'i' p<nM}r KivUdfhii 
S)Ns(K '^'(.1 tM)s k-j) ttoitii'iAii n\o(oh->i jvnnijU<r«/od and 

i/t:Ht>!i svAs iiffform f} owmSj^Ut 5n Uif prt'<;t nts- of io o« of the 

<l with thf T)|g mjcit'ic .\cu! ■k'Si.vt >ki J< < m j -'fi 

iVApi-. l-ili-^TMOS tliO VMP! ft:kN\ ; \ . f (i / 1 1 .11 , f . . , 



«if/i!ioj Utf* t'ertouued to identify 
\p!( -,s(\i the \'\iP? f! /mscript Jn pan- 
hi-a--i< u•>^ue« tnHii (untiol and ceruIeSn- 
(is woie h\bitdt/<'u \\tih lite di'goxigemn- 
iU'^ 'Use VMi'l R\^ \ stf'->E>g iabcding was 
tn tik k'HVu c<-^lK (ft£' bA) B\ coMrast, 
uun. d und. n-otable n\ i.hr> <Mo{s. orLanger- 
5nliOini).oiOi\ inltUiat?. and ^Hxomai ds- 
ivt's i.' >n^ ol I \l'!id <iat!o will a digoxi- 
genin uibelr-d Sr-nse R>.A probe (tig. GB) or wirh an 
.'intisf-n, e RXA on RXase A-treated tissue sections 
kilos'*, ed no specific iiybiidi/afkHi, Pimcreas froin con- 
trol rats, showed no si§ttal, 

hvIiKtioti ol VMPl mRXA fxpit'^ion in kiihm- 

i\) !ooK Vviif \'<--i's VMPl infUkHi'-n spt^c'iic to iIk- 
)!:i;(U'<! { .■.n(K<is jil >n ?s>Kd it^ txp e^jMun i ti e 
}'0-.tt'=.J5t nijr k)dni \ hi mr "xp'-! tin'-iit.d model, the 
hh ksdnev <A the v\,ss uboMrud t JO inm 

is<-i:P!:ii'? >1iO p,;hi- lb}:: L" tii,; itsod ,1 ^ ( tttUoJ. and 
.xpn^ssio WU'J niRNX v\as stiuljed IG h Ittc-i 
]<■ stdtH < i>h>->\\)i it Fig 7. K'MPl tnRNA rxprtwHton i,v 
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i Itarj txt ng Co 7 cell u th a vtttur allovM % i x 
pii-s-^ion of 3} FGFP ta^^ed WIPl ptutfi and di ect 
! I it >jmq of FGFP fit oi^'scence Fl^uie 9 <4hovi<4 that 
VMPl IS located in tim GoJgi apparatus and the ei-sdo- 
plasnuc reticuiiim area, and that its expression in- 
lAJC'-s formation of vaciioles. V^4P^ is integrated into 
}'h» nu'inbianes of these vatujoies. This is why we 




pn M n \Mi Sk \ 1 { k; n K ) \ } k [) 
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(>!«th!{« > EJ\\i )ij t\ iitJt.s ot)tr>jl ifS)t) } ri ttrf 
lii ti/-vn tfvt (} iK^vtEt V i(U itiAi.(tu{(J iis^ml^^j 
■>titn*iiv)t!t t.(\stxif \ )i! (A < mi tj v> nunt'Ki t } (t io»)«s itfu 
} < ( « AS quAi utif Ul\ \ s. ( {i( J I * fits sfK'i'. ^ht n < t s >t (wu 

peic«rimges of control fpci>NA4), 



named the protein Vaciioie Meiiibrajie Protein I . The 
S3t«e fusion plasmid was transfected into otiier cell 
iHU's with similar results (data iiot shown). However, 
,ifn-r 48 h of VMPl overexpressiori, traijsfected cells 
iiied progrt-ssivdy, with morpiiologtrai iV\1dt?nce of 
apoptosis (Fig. 9). To confirm the lethal effect of VMPl 
expression, we used Cos7 ceJIs aUowing exprfession of 
!!<■- \ MP1 V5-tagged protein and monitored the efA'ciis 
of VMPl expression in coioi-iv formation assays. As a 
- nuol Cos? celts transfected with the* pcDNA-1 exripty 
s?' 10! wevf- usf'd. As show;: in Fig, 10. cells t cf insf eoted 
wtdi ihe ejnpi> vectoi' foiiiied abundani coionieo. On 
Ik contraiY, the nurni>er ot coloni5.=i. toim<;:U bv cells 
Ksnsfected with tiie V'MP1/V5 plasmid was dramati- 
< . i Uv reduced. 
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m;?r;t of ihe ■::l;se-l^Si^ Usirjg systenuutii: aj>j;(r<!;;it:;h. we 
ids-nniied i.iv seuueiic.ing its rDNA a nesv protein tiiat. 
Vv'e DAiiied \\M [•■'!. It. \vas st.i'ODglv t'Xpfessed in the 
pancreas of rats si.tfferlog froni actite pancreatitis. Our- 
studies indU:att;d that VMPI is a tj'aosrneHibf'ane px'o-- 
tein .located at the Go.lgi apparatus and endoplasmic 
!"eticu.UH".o area and that its Qvei'expressiQri iriducfes 
vacrtoie fotnuuion and cei.l death, 

L'l vivo studies de.oio:rsstrated that V'MP 1 is arj acuce 
pitase protoin act.ivat.tri.! irs celts st.ttainit.ted to aggres- 
siori, \'.Mf-'i nd>'N.A \vas sttoptgly o\-ert'Xpressed early 
atVi=M iiKiitrtion of parjoretuitis fivui reinairied eJevated 
d tiring the wholfc aaiie piiase We fostnd similar in- 
c reast-.s of VMF ! .m N.-\ tiiiiOi ■ indi tt Hon of severe actite 
pancreatitis tjy retrograde tai.irociioiate injection and 
indticiion of niiid pancreatitis tipo.n ceridein inhision as 
xvel!. stisgesting l.hat intensity o.r t.he dts!-,^ase does iioi 
ivAlmv.cf: VMPI get ;vxpressii.in. Interestingly, the rat 
VMPl gene generated in pancreas two major tran- 
scripts of 1.9 and 2.7 kb, w'ruch might be the result of 
an alternativfi splicing. .Both transcripts were strongly 
induced in the inflajried pancreas, .siiggestlng that the 
splicing mechsnisin was not regulated by ceihtlai' in- 
jnry. Also, ixi situ hybridiiSation assays demonstrated 
that VMPI inRNA expression during acute paiicrisati- 
tis is excltisively activated in pancreatic acinar ceil, 
indicating that VMPJ gene activation is part of the 
acinar ceil response to aggression. Although VMPI 
jnRNA was hardly detectable in the normal pancreas 
fron? ad (tit rats. VMPI mRNA expression, like other 
acute phase proteins, was evidenced in pancreas ditr- 
ing development. K'loreover, VMPI gene induction in 
respoiise to aggression was not limited to the pancreas 
with actite pancreatitis. In fact, isidney siibmitted to 
ischemia also overespressed the VAiPl gene. Yet, we 
also rjoticed that VMi^l mRNA expression is not re- 
«itfict&d to injured tissue because we found it constitu- 
tively exprfesssed in some healthy tissues. This fact is 
r^uniniscent to other pancreatitis-iruirtced genes such 
as PAP (17). clitstenn (18), p8 (H). FiP49'(19), PC3/ 
nS21/BTG2 im previoitsly described by us- 

Analysis of the deduced VMPI printary strt.icti.tre 
showed that VN'IPL wliich .has no signed pepiide, is 
pi'obabJv a rrte^ritjrai'ie pi'otei!? with 6 ptjtative tj'ans- 
:!«embraEie helices, VVtsen Ikimoiogy proteir-s searc.iies 
were performed against databases, conceptual transla- 
tion products in .Arabidopsis tha.llaiia, CaenorhabdMs 
elegans and Drosophlla were found with high identity 
scores. The sequence conserv,ation between these dis- 
tantly related species sr.tggests that V.MPl ft.inctio.f.i is 
important. 

The aniiiio acid sequencis pi'edicts that VMP I ixmy i.H? 
ki-r. ated ■ the niembr3.ne of t]5e e.ndopiasnts.c reticuhisii;. 
There is r50 a ER-tetendon owtif (KDEI.) (21) but a 
KKXX iike i;:is' riietnbrane retentioti signal (EEKl") i»o- 
I t.r is pf.-,'sent at tl je C terminus of VMP 1 , ress.tiJ:ing in a 
K .NN prtidiction of 55.6% for endoplasmic reticttUisn 



localizatior). I^xpi^rimeritai i.iata ce.ti.tVtif:,tHi ttsrs predic 
tion. Ceil fractionation esperin>ents indicated that 
V.M.Pi/V5 was oq^res^ed its tfje ir!en.tb)a.!.ie .f.!~a<.tion. 
Moreover, VMPb'V5 reitK-iitieri in inei.t)ijrarje prepara 
tion after NaCi or pi I I I. 0 treatment intiicating tliat 
V'Mf^i is a tr;^.rismt:nil:!.ratte protei.o. I'm.; ither! note, ki 
<..dI.?atiort experinje-sUs ttsing F.GFP tat^t^ed V.MPi in 
s<- \ eral ceii lines sliowed that VMP } is expt essed at tlH> 
endoplasmic reticuh.trn and Golgi at^pviratus areas. 

It is notewotthy that in v.iu-o experiments using 
.EGFP-taj>t>ed VK4P1 showed tiiat Ym'i. p.roi.ooted for- 
mation oftritracelUtlar vaouoies and VMPI was in fact 
integrated irtto the mernbratie of tliese vacuoles Tiiost^ 
ohservatiorrs jruay be r&]eva.t:tt to tire patirophysjoloGV of 
fiftfte paticreatitis. TntraceHubu' v;K-nc>ie foririatlon tias 
i^ieen reported as an eatiy rnorphologic^ii eveist iti aci- 
nar cells durifia acute pancreatitis (22, 23). rVse .t>UM-.ii-- 
anis.tn by whtct: vacuoles appear ret-oains unclear. Cri- 
nophagy and defective sorting rrave been tesnativeiy 
implicated in tfje genesis of the vacuoles see!) after 
pancreatitis induction (24). Recently, Raraty eted. (25) 
proposed that intracellular vacuole fortsiation is tiie 
result of intracelii.dar ti^'psinogen activation leading to 
the replacement of zymogen grarudes by vacuoles. Ottr 
residts suggest tiiat an alternative mechanism of vacuole 
fommtion involving VMPi expression rnay occur in aci- 
nar cfeUs dtulng the early stage of acute pancreatitis. 

After intracelJuiar vacuole formation, ceils express 
ing VMPI displayed n^orpho logical features of apopto- 
sis atid died. We confirmed tins observ ation by mea 
stiring the colony formation capacity of Cos? V.MP 1 A''5~ 
trajisfected ceils. As expected, cells, expressing VMPI 
were unable to develop colonies after appropriate anti- 
biotic selection, which strongly S(.jggests that VMPi 
promotes apoptcsis. Acinai- cell deatli is a hallmark of 
acute paiicreatitis, Necj-osis iitrjd f.ipoptosis can occur 
and the mechani-sms involvi-'d in reJl deatfi as well a.«i in 
tisstte recover}'- were exten:s. is e.lv sf. tidied (26). V.MPl 
ovet~e.xpressiof} durirsg pancreatitis, ieadirjg to ceil 
deatli, vould be part of tlie de.fense Uieciiatiisjn allowir^g 
recovery a,fter the acnte attack, hi fact, acinar ceils are 
packed with enzysties, wbiic]-! ar'e potentially harmful 
becar.ise ilieir i.tricoivt.rolled release wottid rest.tit Irr ar.t- 
todigestiorj. Therefoi'e. acinar cells submitted to exces- 
sive stress may choose the apoptosis pathway to ensure 
ttieir rapid elitT)i.r.iatio.!.i by macrophages. Otherwise, 
cells would die by nei. i osis. witii i oncornitant telease of 
cytoiysis profiurts tl'.>at trigger iriilatntriation. and tiie 
iryflarnrnatorv '.el.is would fustiier !:■'. tease iocai stres.'i^ 
t[yrot.igh cytokine release. This svas supported by obser- 
vations fronj Kaiser et al (27), who observed a corre- 
lation between tfie intensity of neci'osis and the sever - 
ity of paticteatitis, tlie severe .fonns of pancreatitis 
being accornpai jied by fittle apoptosis, whereas apopto- 
tic ceils were freqtient in miki edematous pa.ticreatitis. 
Moreover, irtduction of apoptosis prior to acute par.>cre- 
atitis dimirtished the severity of pancreatitis (23, 2S 3,3), 
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